Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American Society figure) .
well as generation of TxA 2 . These secreted agonists provide a boost to the already-initiated platelet inside-out signaling, causing robust platelet aggregation. The PF4 secreted from the a-granules in turn binds more bacteria and the vicious cycle continues (see figure) .
Recent discoveries indicate that platelets express Toll-like and purinergic receptors which help in detection of bacterial infection and release of a range of bactericidal molecules, thus contributing to the process of host defense toward infection. 9 It has also been recognized that certain strains of bacteria interact with platelets and induce platelet aggregation. The work presented by Arman et al clearly provides a molecular mechanism in this regard. 1 It appears that bacteria, through the virtue of the cellular machinery, exploit the platelet host defense mechanism to achieve improved virulence. Further work is warranted to show whether this bacteria-induced platelet activation is in fact advantageous to the pathogen. Conflict-of-interest disclosure: The author declares no competing financial interests. n A David promoter with Goliath strength By using a computational approach, Nair et al identified highly and lowly expressed genes in human liver tissue. After eliminating lowly expressed genes, they extracted the highly expressing gene promoter sequences and transcription factor binding sites from a database and processed the data through an analysis algorithm (panel A). The result was a highly conserved CRM within the alpha-1-antitrypsin promoter HS-CRM8. To stringently test the specificity of their HS-CRM8, they investigated transgene expression from an AAV serotype 9 (AAV9) vector, which transduces a variety of tissues in mice (panel B). Transgene expression was detected only in the liver, demonstrating the desired restricted expression. Importantly, the authors were able to restore hemostasis in mice with hemophilia B at the extremely low vector dose of 5 3 10 10 vector genomes per kilogram (vg/kg). To put this into context, patients with hemophilia B have been dosed in the range of 2 3 10 11 to 2 3 10 12 vg/kg. One of the most remarkable findings of this study is the identification of the HS-CRM8 that enhances liver-specific gene expression although it is only 71 bp long. To understand the significance of this finding, one must consider the biology of AAV vectors. One of the main limitations of AAV vectors is that viral particles can package approximately 4.5 kb of DNA, including regulatory elements, introns, therapeutic transgenes, and polyadenylation signals. Self-complementary AAV (scAAV) vectors that are used in 2 ongoing clinical trials for hemophilia B because they do not require second-strand synthesis and thus show enhanced transduction, can package only half as much (,2.5 kb). Hence, these scAAV vectors can especially benefit from small yet powerful transcriptional regulatory elements.
If the HS-CRM8 performs similarly in humans with the codon-optimized Padua mutant of FIX, it could provide an increase of up to 100-fold in FIX activity over the vectors currently being evaluated in clinical trials. Such an increase might allow for a reduction in vector dose below the threshold that activates anticapsid immune responses, while reaching near physiological activity levels. The ability to express high antigen levels at low vector doses may also facilitate development of gene therapy-based immune tolerance protocols for reversal of inhibitor formation in hemophilic patients because the success of this strategy is dependent on expression level. 8 One caveat that will need to be addressed in future studies is that neutralizing antibodies to AAV capsid will be more effective at reduced vector doses. 6 The HS-CRM8 element might also have a major impact on gene therapy for hemophilia A. Obtaining high levels of factor VIII expression from an AAV vector has been challenging because of the large size of the complementary DNA (cDNA) (;4.3 kb), which is nearly the packaging capacity of a single-stranded AAV vector. Although codon optimization has been helpful, a small element that is superior to current promoters is desirable. 9, 10 The same conclusion applies to AAV vectors (and other vector systems) encoding large therapeutic cDNAs that are in development for other diseases. Moreover, the method of in silico analysis of regulatory sequences for identification of optimal tissuespecific and/or cell-specific enhancer combinations should be broadly applicable to the optimization of therapeutic gene expression in any target tissue, including skeletal and cardiac muscles, the central nervous system and/or neurons, vascular endothelial cells, lung tissue, and others. Going forward with hepatic gene transfer or other targets, evaluation in large animal models, including non-human primates, is desirable. Regardless, the work by Nair et al shows that multiple elements (scAAV, codon-optimized cDNA, hyperactivity mutation, and a computationally derived regulatory module) can be combined to work synergistically to generate a more effective gene therapy vector for the treatment of hemophilia. Conflict-of-interest disclosure: R.W.H. has been receiving royalty payment from Genzyme Corp. for license of AAV-FIX technology. The remaining author declares no competing financial interests. n
